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ABSTRACT 
A test program to evaluate a new transonic axial 
compressor stage was conducted. The stage was designed (by 
Nelson Sanger of NASA Lewis) relying heavily on CFD 
techniques while minimizing conventional empirical design 
methods. The stage was installed in the NPS Transonic 
Compressor Test Rig and instrumented with fixed temperature 
and pressure probes. A new PC-based data acquisition system 
was commissioned and programmed for stage performance 
measurements. These were obtained at 50, 60, 65, 70, and 80% 
of the design speed before failure of the spinner retaining 
bolt led to the loss of the stage. The flow through the 
rotor was analyzed and the rotor performance predicted using 
a 3-dimensional viscous code (RVC3D). The predicted rotor 
performance agreed qualitatively and was numerically 


consistent with the measured stage performance. 
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I. INTRODUCTION 

A new transonic axial compressor stage designed 
specifically for the Naval Postgraduate School (NPS) 
Transonic Compressor Rig (TCR) was completed at NASA Lewis 
in 1994, by Nelson L. Sanger [Ref. 1]. A schematic of the 
TCR is shown in Fig. 1. The new stage design was developed 
to serve as a vehicle for instructional purposes, and to 
provide a test bed for research. With the emergence of 
Computational Fluid Dynamics (CFD) as a reliable tool, the 
design of the stage developed into, as Sanger described it, 
“the ultimate CFD validation experiment”. The design 
parameters produced from this process are presented in Table 
1g 

The manufactured stage, after assembly in the TCR, is 
shown in Fig. 2. The stage was installed in the same manner 
as previously operated stages and as documented in Ref. 2. 
However, a Lucite case wall was installed, as seen in Fig. 
3, and a new data acquisition system was employed. The data 
acquisition system used a Personal Computer (PC) running 
Hewlett-Packard HPVEE software to control various 
instruments in a HP75000 VxXI-bus mainframe. The stage was 
tested and measurements taken at 50, 60, 65, 70 and 80 
percent of design speed. Testing was unavoidably halted 


during the test at 80% speed due to the failure of the 


spinner retaining bolt, which resulted in the loss of the 
stage. 

The present report documents the first test program of 
the Sanger stage. The report contains three main sections. 
The first section details the rig and the newly developed 
data acquisition system. The second section focuses on the 
results. The final section gives the results of a CFD 
analysis of the rotor using the “Rotor Viscous Code 3 


Dimensional” (RVC3D) code developed by R. Chima [Ref. 3]. 
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Table 1. Design Parameters for the Sanger Stage. 
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Fig. 1 Schematic of the Transonic Compressor Test Rig. 
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Fig. 2 View of the Assembled Stage 








Fig. 3 View of the Instrumented Assembly With Lucite Case 
Wall. 





II. TRANSONIC COMPRESSOR RIG AND INSTRUMENTATION 


A. COMPRESSOR INSTALLATION 

The general layout of the TCR is shown in Fig. 1. The 
manner in which the stage was mounted on the rig was 
unchanged from the previously installed Vavra_ stage 
documented in Ref. 2. The flow entered the rotor axially. A 
honeycomb section ensured that the flow left the compressor 
with zero circumferential velocity. In this manner the 
torque supplied to the rotor was equal to the torque 
experienced by the blading and honeycomb of the _ stator 
section. The stator section was mounted on ball races and 
was free to rotate against a flexure instrumented with 
strain gauges. The strain gauge reading was then a measure 
of the torque supplied to the rotor. 

The tip clearance between the rotor and the _ steel 
casing that had been used previously was a concern. The 
decision was made to use a similar clear plastic (Lucite) 
casing until the steel casing could be modified to have an 
abradable material where the rotor might rub. The Lucite 
casing proved to function extremely well. The static tip gap 
clearance was 0.010-0.012 inches which was larger than the 
0.004 inches the design called for; however, this ensured 
that no rub would occur during the first test of this unique 


stage. Additionally, the transparent case provided an 


opportunity to see transonic turbomachinery in operation. 
One interesting observation was that excess oil from the 
bearing lubrication system indicated a flow pattern and was 


seen to collect between the casing and the rotor tip. 


B INSTRUMENTATION 

ve Measurement Devices 

Fig. 4 shows the location of measurement stations 
relative to the stage. The instrumentation for stage 
performance measurements included Kiel pressure probes, 
Kiel/thermocouple combination probes, static pressure taps, 
torque flexure, flow nozzle, and a magnetic pick up. Total 
pressure was measured using United Sensor Kiel Probes. Two 
types were used, a 1/16 inch “Miniature Head” Kiel Probe 
(United Sensor KAA-8, Ref. 4) and 1/8 inch “Standard Head” 
combination Kiel/thermocouple Probe (United Sensor KT-8-J- 
12-C, Ref. 4). The 1/16 inch mini probe had a yaw range of 
52° and pitch range of 40°. Range was defined by the 
manufacturer as the point at which error was equal to 1% of 
dynamic pressure. The 1/8 inch standard probe had a yaw 
range of 48° and a pitch range 45°. The static pressure ports 
were 1/32 inch taps located in the wall along the length of 
the casing, and in the hub of the stator at stations 2 and 


oF 


Thermocouples were J type (iron-constantan) in a probe 
combined with a Kiel type impact probe. The thermocouple had 


an exposed junction and bleed slot. 
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Fig. 4 Schematic of the Flow Path Showing Measurement 
Stations. 
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The torque acting on the stator and exit-honeycomb 
section (equal to the rotor torque) was measured by the 
deflection of a cantilevered flexure. The cantilever arm was 
instrumented with four strain gauges providing a near linear 
response to bending. The arrangement and calibration method 
of the torque measurement system is extensively documented 
in Ref. 2. Calibration of the torque measuring system was 
necessary each time the rig was rebuilt. The calibration 
curve obtained in the present study and resulting equation 
used in the data reduction program are shown in Fig. 5. 

Rotational speed was measured using a magnetic flux 
cutter and a disk with six holes mounted on the shaft of the 
drive turbine (Fig. 1). This device produced six pulses per 
revolution making the frequency (in Hz) from the pickup 
multiplied by 10 equal to the revolutions per minute(RPM) of 
the stage. 

Mass flow rate was measured using a flow nozzle located 
upstream of the stage as shown in Fig. 1. Mass flow rate was 
calculated using the pressure difference of the total 
pressure (p.) and static pressure (p,) at the flow nozzle and 
the total temperature of the flow. The differential pressure 
between p, and p. was displayed on a water manometer in the 
control room to allow precise control of mass flow rate 


settings during the throttling process. 
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Fig. 5 Torque Calibration Curve. 
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are Instrument Placement 

Two combination probes were placed upstream of the 
rotor, each two inches from the wall of the casing to 
measure inlet total pressure and temperature. At station 3, 
17 Kiel probes and three Kiel/thermocouple combination 


probes were placed as shown in Table 2. 







ee 
# T pe 

naj 60 
| 29} Kiel! B80 
| 20] Kiel! 185 
| 17} Kiell =] 150 
| plug) n/a} a 195 
1.85 315 





Table 2. Location of Probes at the Stage Exit. 


iS: 


The pressures acquired from the impact probes at 
station 3 (probe numbers 11-30 in Table 2) were mass 
averaged to obtain the total pressure at the exit of the 
stage. 

Static pressure ports were placed at stations Inf, 1, 2 
and 3 along the Lucite casing (Fig. 4). Additionally, static 
taps were drilled in the stator to measure hub static 
pressure at station 2. The exit spacer between the stator 
and honeycomb also had four static taps to measure exit 


static pressure on the hub at station 3. 


Ce TEST PROCEDURE 

The test compressor was driven by two opposed-rotor air 
turbine stages (on a common shaft) supplied from _ the 
laboratory compressed-air power supply. The laboratory 
compressed-air power supply was a 12-stage Allis-Chalmers 
axial compressor supplying up to 11 pounds per second at up 
to two atmospheres gauge pressure. The test compressor was 
connected by a splined shaft to the rotor of ‘the turbine 
drive unit. The speed of the drive unit was controlled using 
an electrically actuated butterfly valve. Air was drawn into 
the test compressor through a rotating plate throttle 
followed by a settling chamber containing perforated plates 
(Fig. 1). A flow nozzle was positioned upstream of the 
rotor. The calibration of the flow nozzle was documented in 


Ref. 5. 
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Preparation for a run consisted of bringing the Allis- 
Chalmers compressor up to stable speed, verifying that 
compressed air waS available to the balance piston (which 
maintained low axial loading on the compressor bearings), 
and setting the lubrication system. The bearing lubrication 
system was an oil-mist system. The operating temperature of 
the bearings was found to be directly related to the supply 
pressure of the air driving the oil mist. Increasing the 
pressure of the oil mist supply air had the observed effect 
of lowering the bearing operating temperature. Adjusting the 
o11 droplet rate down to 2-3 drops-per-minute was essential. 
According to the bearing manufacturer, wetting the bearing 
well before a run was of extreme importance. Allowing the 
oil mist to operate for fifteen minutes before operating was 
the procedure adopted. 

During a compressor test, operating data were monitored 
by the operator at the control console. Records were kept of 
oil drop rate and pressure to the bearing lubrication 
system, of the temperatures of the turbine and compressor 
bearings, and of vibration levels from four accelerometers 
on the turbine drive unit. The axial force was constantly 
monitored and the balance-piston air adjusted to keep the 
axial force constant at a level approximately equal to the 
force produced at 5000 RPM. These data were mainly of 
interest for the safety and operation of the unit and will 


not be reported. 


LS 


A typical test would be conducted at a constant speed. 
The run started with the compressor throttle wide open. 
After the speed had settled to the desired level, a 
measurement recording cycle was started. Then the throttle 
would be closed fractionally until the flow was reduced to 
the desired amount. Then the drive turbine speed was 
adjusted until it was steady again and at the desired level. 
This procedure was repeated until stall occurred. After the 
stall point was reached (up to 70% speed only) the process 
was progressively reversed to obtain intermediate settings 


until the throttle was fully open. 
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III. DATA ACQUISITION AND REDUCTION 


A; OVERVIEW 

In order to standardize equipment for data acquisition 
in the three buildings at the NPS Turbopropulsion Laboratory 
the decision was made to use the HP75000 Series B VXI-Bus 
Mainframe controlled by HPVEE software running on a personal 
computer (PC). This allowed the Hewlett-Packard (HP) 
instruments with the HP-IB interface that had been used 
previously to remain viable while incorporating a new state- 
of-the-art data acquisition system. In the present work the 
mainframe with an internal digital voltmeter (DVM), two 
scanning multiplexers, a switchbox multiplexer, a counter, 
and a Quad 8-bit Digital I/O Module were used exclusively. 
The system, shown in Fig. 6, proved to be flexible, easy to 
interrogate when connecting new sensors, and provided real 


time feedback when acquiring data. 


B. HARDWARE 

The use of the HP75000 Mainframe allowed a variety of 
instruments to be grouped together and addressed directly. 
Communication between the PC (with a HP 82341C Controller 
Card installed) and the mainframe was via a HP-IB (IEEE-488) 
interface cable. The functions performed with the 
instruments in the mainframe were Scanivalve control, 


measurement of Scanivalve transducer output, thermocouple 


ay 


measurement, strain gauge measurement and frequency 


Counting. 
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Fig. 6 Schematic of the Data Acquisition System. 
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a Scanivalve Control 

The Scanivalve and Scanivalve control (HG-78) system 
that the present system was designed to replace, are 
described in Ref. 6. Scanivalve control involved stepping 
and homing the 48-port pneumatic valve and ensuring that the 
correct port was selected and measured. One HP E1345A 16- 
channel multiplexer was configured as a switchbox as shown 
in Fig. 7. This configuration allowed the control of four 
different Scanivalves with one switchbox. The measurements 
required for the test program required the control of only 
one Scanivalve at position 1. To reset the Scanivalve, 
channel 12 was closed, sending the signal to the HG-78 to 
reset the Scanivalve connected to position 1. To step to the 
next port, channel 8 was closed, sending the signal to 
advance one port. The position of the Scanivalve was 
obtained from the HG-78, which contained LED displays of the 
port setting, manual step and home controls (in parallel), 
and signal conditioning for the Scanivalve transducers. From 
the HG-78, eight TTL lines (from each Scanivalve) were 
connected to one of four addressable sections of the HP 
E1330B Quad 8-bit Digital I/O card. The port which the 
Scanivalve was currently set at was then read (using 
negative logic) and converted to a decimal number using 
Binary Convert Decimal (BCD) logic. The assignment of the 48 


Scanivalve ports is shown in Table 3. 
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Fig. 7 Schematic of Switchbox Connections to HG-78. 
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Table 3. Scanivalve Port Assignments. 


Br 


The logic sequence for acquiring data from the 48 ports 
of the Scanivalve was as follows: 

1. Reset to port 1 

2. Ensure the Scanivalve was actually at port 1 

3. Take the transducer reading using the DVM 

4. Step to the next port 

5. Ensure the Scanivalve was actually at the next port 

6. Take the transducer reading using the DVM 

7. Go to step 4 until all 48 ports were read 

Ze Scanning Digital Voltmeter 

Connecting a 16-channel multiplexer to the DVM using 
the ‘Analog Bus’ allowed the multiplexer and DVM to operate 
together as a Scanning Multimeter. [‘Scanning Multimeter’ 
implies that one or more multiplexers were used with the 
multimeter as part of the same instrument using the same HP- 
IB secondary address]. The power of this configuration was 
that the multimeter was extended from having one set of 
terminals to having sixteen for each connected multiplexer. 
Two types of scanning multiplexer were employed. The first 
type was a thermocouple relay multiplexer module (HP 1347A). 
A thermistor was contained inside the terminal module, and 
its resistance used to determine temperature with which to 
compensate for temperature measurements made with the 
thermocouples. The second type was ae standard relay 
multiplexer module (HP 1345A), which allowed the measurement 


of sixteen different channels using a single multiplexer/DVM 


ees 


connection. The channel assignment for the two multiplexers 


1s given in Table 4. 
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Table 4. Scanning Multiplexer Channel Assignments. 


Readings from the four controlled Scanivalve 
transducers and the torque-flexure strain gauges were read 
directly and controlled by the DVM driver software. 

To measure temperature directly, the thermocouple wires 
were connected directly to the thermocouple terminal module 
and the voltage measured and converted to  £4degrees 
Fahrenheit. To measure the instantaneous differential 


temperature between stations 3 and Inf, a different process 
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was required. The thermocouples were connected as shown in 
Fig. 8. 

The logic process was as follows: 

1. Measure the temperature at station Inf (using the 
thermocouple multiplexer). 

2. Convert the temperature measured in step 1 to volts 
using the equation relating temperature to voltage for a J 
type thermocouple. 

3. Measured the voltage between the two thermocouples 
(using the scanning multiplexer). 

4. Added the measured voltage of step 3 to the voltage 
obtained in step 2. 

5. Converted the voltage obtained in step 2 to a 
temperature using the equation relating voltage Eo 


temperature for a J type thermocouple. 
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Fig. 8 Schematic of Differential Temperature Measurement. 
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a Counter/Totalizer 

The Counter/Totalizer was used to measure the frequency 
produced by the magnetic speed pickup. The pickup produced 
Six pulses per revolution. Therefore, the frequency 
measured, in Hz, multiplied by 10 produced the RPM of the 
rotor. The signal produced was extremely noisy near the zero 
volt level. To reject this noise, the level to trigger the 
counter was set to +1 volt. The rotational velocity of the 


rotor was verified using a calibrated strobe light. 


CG: SOFTWARE 

HPVEE was the software used to CcCOntuon the 
instrumentation. Software drivers were available in HPVEE 
for all instruments inside the mainframe. The ‘panel’ driver 
for the specific instrument served two purposes. First, it 
allowed the definition of a measurement state, that is the 
settings of all instrument functions. When the panel driver 
operated, the corresponding physical instrument was 
automatically programmed to match the settings defined in 
the panel driver. Secondly, the panel driver acted as a 
virtual control panel for interactively controlling the 
instrument. 

In addition to controlling the instruments, HPVEE also 


allowed immediate reduction of the measured values to 
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engineering units. This allowed immediate feedback of data 


and made troubleshooting simpler. 


D. DATA REDUCTION 

The data were reduced using HPVEE. In the description 
which follows, the final form of the data reduction program 
is described. The results presented were calculated with the 
following methods. 

The mass flow rate (in Ilbm/sec) through the flow 


nozzle, was given by 


My 


= 33135-C.. |S .| 19.021926. 2 (1 
hag oe P 





where A,=(P-P}) was in inches of water and the P. was in 


inches of mercury. The constant C represented the discharge 
coefficient and was calibrated to be 1.03. 

The first measure of the power absorbed by the 
compressor was obtained from the measurements of torque, M, 
and speed, N, as 

HP., =15865x10°-M-N he 

The second measure of power was obtained from the flow 


rate and temperature rise across the stage, namely 
HP... = 14137-C, -m-(T,s -T,) es 


The performance of the compressor was described in 
terms of referred quantities that retain their original 


units: 


ee 





MN, of =m 
y we 
ref ~ Je 
HP. =. (4) 
ref 5-410) 
M 
Ms ar 
T inf P inf 0 
where O0= ; and o=——>, and where T.=518.7R and 
T per REF 


P29 oe enc See reMereury . 

The performance to be evaluated was of the rotor and 
stator combination. The honeycomb flow straightener in the 
outlet duct was necessary in order for the torque to be 
measured, but the losses occurring in this section are not 
included in appraising the compressor performance. The 
total-to-total (T-T) pressure ratio and efficiency from 
station 1 to station 3 were the parameters which gave the 
performance of the stage. 

The total-to-total efficiency was defined as the ratio 
of the power required in an isentropic compression to the 
same outlet pressure, to the actual power required. The 
actual power was given by equation (2), using measurements 
of torque and speed, or by equation (3), using measurements 
of mass flow rate and temperature rise. The ideal power was 


given by 
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IHP, =14137-in-C, -{(Ts), — Troe (5) 


is 


where (T.,),, 1s related isentropically to the pressures by 


-1 
(aan -(2)" 6 
Tine | \ Prt = 


where y is the ratio of specific heats. Substitution into 


equation (5), gives 


y—I 


P, \r 
IHP, = 14137-m-C, - Tying ° (£2. -1 (72 


tinf 





Three different methods were used to calculate the 
total-to-total efficiency. Method 1 simply used the 


temperature rise and total-to-total pressure ratio across 


the stage 
al 
IHP lie P, \7 
n wt c _ inf : 3 == | ( 8 ) 
AP. T; a” Liat Lie 


The second method used inlet static pressure 
measurements and mass flow rate to calculate an inlet 


stagnation pressure. Defining 
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was an efficiency which involved the mass flow rate 
measurement, whereas N) did not. 

The final method for calculating efficiency depended on 
the measurement of torque and mass flow rate but did not 


depend on the measurement of the temperature rise across the 


stage, namely 
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IV. RESULTS OF THE TEST PROGRAM 


rie INTRODUCTION 

The performance of the stage was measured at 50%, 60%, 
65%, 70%, and 80% of the design speed of 27,085 rpm. The 
instrumentation remained constant during all runs and no 
changes to the data acquisition or reduction system were 
required. Some changes were made in how the reduced data 
were saved making plots of torque, horsepower and stage 
temperature rise versus mass flow rate only available for 
70% speed and 80% speed. Each set of plotted experimental 
performance data was fitted with a second order least- 
Squares curve. The exit impact pressure profiles and axial 


static pressure distributions were also plotted. 


B. STAGE PERFORMANCE MAPS 

The total-to-total pressure ratio, efficiency 
calculated by equations (8), (12) and (13), referred torque, 
referred horsepower and stage temperature rise were plotted 
versus the referred mass flow rate, for constant speed 
conditions expressed as a percentage of design speed. 

Figure 9 shows the total-to-total pressure ratio vs 
referred mass flow rate. The plot shows the characteristic 
increase of pressure ratio and decrease of mass flow rate as 
the flow was throttled. At all speeds except for 80% speed 


the stage was throttled to stall. The loss of the stage 


oa 


occurred before stall was reached at 80% speed. The open- 
throttle ‘choke’ condition for the stage could not be 
reached due to the pressure drop across the honeycomb flow 
straightener. 

Figures 10, 11, and 12 are efficiency plots. The 
efficiency), was expected to be the most accurate as it used 
torque and speed measurements which provided an integral 
measurement of the work to the compressor. The other two 
efficiency measurements used the temperature rise across the 
stage. Since the total temperature was not expected to be 


constant radially at the exit and the measurement was taken 


at only three points in the center of the passage, the MN, 
and NN, measurements of efficiency were likely to be 


optimistic. The results show that N, varied in the same way 
as the other two efficiency measurements, but was 
consistently lower in magnitude. The data for Nn, at 80% 


speed measured 2.5% lower than the other constant speed 
lines. This oe eer the result of drift in the strain- 
gauge bridge output (caused by increased temperature) which 
was not balanced to zero before the final run was started. 
The drift was observed after the loss of the stage. The 


results forn, and 7, support this contention since no 


appreciable drop was observed in the 80% speed results. 
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The CFD analysis results shown on the performance maps 
were obtained for the rotor geometry, and did not include 
the stator. These results are discussed in the following 
section. 

Figure 13 shows the increased torque required as the 
compressor was throttled. Figure 14 shows the increase in 
the stage temperature rise as the compressor was throttled. 
The stage temperature rise was calculated as the average of 
the differential temperature of one probe at station Inf 
with two probes at station 3. Pigurs 15 shows a comparison 


of the horsepower required to drive the stage calculated 


using the mass flow rate and stage temperature rise, (Eq. 
(3)), with that calculated using the torque and speed 
measurements (Eq. (2)). The horsepower measured by torque 


and speed was consistently greater than horsepower deduced 


from mass flow rate and temperature rise. 


ae PRESSURE PROFILES 

Figures 16 and 17 show the exit total pressure profiles 
at 70% speed and 80% speed respectively. (Note that the 
probes were at different peripheral settings in the radial 
direction shown in Table 2). The ratio of each measured 
total pressure at station 3 to the total pressure at station 
1 was calculated. Three different throttle settings are 


shown at each speed. At design conditions, the stage was 
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designed to have nearly uniform total pressure across the 
exit [Ref. 1]. The plots show that as the stage was 
throttled, at an intermediate throttle setting the total 
pressure was nearly uniform across the annulus, except near 
the walls. The plots also show that as stall was approached, 
which corresponded to the lowest mass flow rate curve, a 
separation had progressed radially outward from the hub. 

Figures 18 and 19 are plots of the static pressure 
measured at different axial stations at the same rotor 
speeds and throttle settings shown in the data in Figs. 16 
and 17 respectively. All pressures are scaled by the 
pressure at station infinity. 

At station 2 a strong static pressure gradient existed 
from hub-to-tip at all measured states of throttling and 
wheel speed. This gradient 1S consistent with the high 
tangential velocities expected at the rotor exit. The 
pressure rise through the stator behaved in a consistent way 
with throttling at each of the speeds measured. First, the 
pressure rise at the hub was large at all throttle settings. 
At the tip, the rise improved with closing throttle, until 
the static pressure difference between hub and tip at 


station 3 disappeared as the stage approached stall. 
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Fig. 9 Pressure Ratio (T-T) vs Referred Mass Flow Rate. 
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Fig. 13 Referred Torque vs Referred Mass Flow Rate. 
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Fig. 14 Stage Temperature Rise vs Referred Mass Flow Rate. 


40 


220 


200 





Referred Horsepower 
mod, mand 
> © 
So So 


= 
BAN 
© 










70% Speed- torque 
80% Speed - torque 
70% Speed - temp 
80% Speed - temp 


120 






Ox * 
OOX * 






9 10 11 12 13 14 15 
Referred Mass Flow Rate (Ibm/sec) 


Fig. 15 Referred Horsepower vs Referred Mass Flow Rate. 
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Fig. 16 Exit Pressure Distribution at 70% Speed. 


42 


Hub 


1.8 


1.6 





= 
Bas 


7 


YY 


ak 
NO 


D 
1 ZL 
Y 


0.8 Oo 


Radial Distance y (inches) 


0.6 @ 


D 


) 


0.2 14.1 (Ibm/se 12.9 (Ibm/sec) % 11.4 (Ibm/sgt) 





1.15 1.2 1.25 ies 1.35 1.4 
Stage Total Pressure Ratio 


Fig. 17 Exit Pressure Distribution at 80% Speed. 
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Fig. 18 Axial Static Pressure Distribution at 70% Speed. 
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Fig. 19 Axial Static Pressure Distribution at 80% Speed. 
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V. RESULTS OF CFD ANALYSIS 


aie INTRODUCTION 

Before starting the experimental work, the flow through 
the rotor was analyzed and the rotor performance was 
predicted using CFD. Specifically, Rotor Viscous Code 3-D 
(RVC3D), a computer code for analysis of three-dimensional 
viscous flows in turbomachinery [Ref. 3], was used to 
compute performance maps of the rotor from 50% to 100% of 
the design speed. Additionally, using the graphics package 
FAST from NASA Ames, a number of parameters were calculated 
and graphically displayed for 100% speed. The predicted 
results for the rotor were compared to the experimentally- 
obtained maps for the stage and they were observed to be 


numerically consistent with each other. 


ee GRID GENERATION 

The geometry data for the hub, tip and blade for the 
stage were provided electronically by NASA Lewis. The data 
were in MERIDL (z, r, theta, dtheta) format. 

The geometry file was entered into Turbomachinery C 
GRID (TCGRID) which generated a three-dimensional C type 
grid compatible with the Rotor Viscous Code 3-D (RVC3D) 
[Ref. 7]. The grid which was 185X40X49 (in i,j, and k) is 
shown in Fig.20. The output grid was stored in plot3d 


multiple grid format. A FORTRAN program was used to rotate 


4’] 





| 


Boenorrtea ones gnta width to form the multi-block grid that 


was an input to FAST. 
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C. COMPUTATION 
The code solved the thin-layer Navier-Stokes equations 
with an explicit four stage Runge-Kutta scheme. The number 


of stages was optional; however, four was recommended by the 


author. A spatially-varying time step (At) was used to 


accelerate the convergence of the code. At was updated 


every fifty iterations. 

Since the flow was supersonic, a second-difference 
artificial viscosity term was used. The value was set to 1.0 
in order to produce a well defined shock with little 
smearing or waviness. No first-order artificial viscosity 
term was required. 

RVC3D used an implicit residual smoothing routine which 
allows the multistage scheme to run at a high, unstable 
Courant number, but stability was maintained by smoothing 
the residual using an implicit filter. The initial Courant 
number chosen was 5.0. 

The code ran completely non-dimensionally, with 
variables referenced Eo speed Or sound, reference 
temperature and reference pressure. The input parameters 
that controlled the flow were the normalized blade row 
rotational speed per unit length and the ratio of the hub 


exit static pressure to the reference total pressure. 
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D. RESULTS 

Version 208 of the code was run on three different 
machines, a Silicon Graphics Indigo2 workstation, the NPS 
Cray, and NASA Ames Cray. On the NASA Ames Cray, each 
iteration took 2.3 seconds of CPU time and required 9Mw of 
storage. The code was compiled using FORTRAN 90 and 02 
optimization that gave good scalar and vector optimization 
and performed autotasking. Six processors were normally 
used. In order for the grid, solution, and restart files to 
be compatible with each machine, IEEE format was selected 
for the data input and output. 

To compute the operating lines at a constant rotational 
speed, from the choke region to the stall region, the ratio 
of the hub exit static pressure to the reference total 
pressure (p,,.) was increased in steps. For each p.,. at which 
a solution converged, the mass flow rate, the mass-averaged 
inlet and exit total pressures, and the adiabatic efficiency 
were recorded from the output file for plotting. When a 
converged solution could not be obtained (near stall), the 
rotational speed was changed and a new range of values of 
p,,. was selected and entered. The operating speeds computed 
in this manner were 70%, 80%, 90% and 100% of design speed. 
Additionally, one point was computed at 50% of design speed. 
The results are shown plotted in Figs. 21 and 22. The 
results were observed to be extremely close to the results 


Sanger obtained using an Euler solver with boundary layer 
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modeling (Denton’s Code [Ref. 1]). At design mass flow rate 
of 17.1 lbm/sec Sanger obtained a total pressure ratio of 
1.61, and using RVC3D a total pressure ratio of 1.601 was 
found. 

The predicted results for the rotor at 70% and 80% 
speed are shown plotted with the experimental data for the 
stage in Figs 9 and 10. A direct numerical comparison is not 
meaningful since the predicted results were only for the 
rotor. However, the computed results are qualitatively 
consistent with what was measured for the stage behavior. 
The pressure ratio computed for the rotor was consistently 
higher than was measured for the stage, and the range of 
mass flow rate predicted at each rotor speed was consistent 
with the stage measurements. At 80% speed, solutions were 
obtained closer to choke (more open throttle) than could be 


achieved in the test program for the stage. 
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Fig. 21 Rotor Total Pressure Ratio vs Corrected (Referred) 
Mass Flow Rate Computed Using RVC3D 
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Fig. 22 Rotor Adiabatic Efficiency vs Corrected (Referred) 
Mass Flow Rate Computed Using RVC3D 


53 





VI. CONCLUSIONS AND RECOMMENDATIONS 

A test program was conducted to 80% of design speed to 
evaluate the performance of a new transonic axial compressor 
stage. Tests to 100% speed were prevented by the failure of 
the spinner retaining bolt which led to the loss of the 
stage. The cause of the failure was shown by analysis and 
tests will resume when replacement parts are delivered. 

A new data acquisition system, using PC-based control 
of VXI-bus instrumentation, was programmed and used 
successfully in the tests. HPVEE software was used with the 
VXI-bus hardware for Scanivalve control, acquisition of 
pressures, temperatures, strains and frequencies, and for 
the reduction of data. The system was found to be extremely 
flexible and well-suited to the researcher in the laboratory 
environment. 

The flow through the rotor alone was computed using the 
RVC3D code. The test results obtained agreed qualitatively 
with the predicted rotor performance and were also 
numerically consistent with them. This was a first step in 
the code validation process. The next step will be to 
measure the flow profile at the exit of the rotor and 
compare what 1s measured to the predicted flow field. The 
final step will be to measure the flow between the rotor 
blades and pressure distribution on the blade surfaces and 


compare these to predicted results. 


aD 


With the experience obtained from the present study the 


following specific recommendations are made: 


With the inlet temperature fluctuations caused by the 
coastal location of the laboratory, increased use of 
averaging is required. First, a scan of temperatures and 
wheel speed should be conducted, then a pressure scan, 
then a second scan of temperatures and wheel speed should 
be taken and averaged with the first one to define one 
data point. Three data points should then be taken and 
averaged to produce an averaged data point to plot on the 


performance maps. 


The torque-flexure strain gauge bridge output should be 
readjusted to zero between each constant speed run. (The 
output should be zero with no torque applied. However, 
the zero tended to drift with increased operating 


temperatures and therefore needed to be adjusted). 


Install a strain gauge multiplexer Eo strain 
measurements. Software procedures would then make the 
previous recommendation unnecessary and would be the 
preferred solution. 

In rebuilding the stage, use only a solid steel spinner 
retaining bolt, use a transparent case wall, and re-use 
the video-monitoring and recording system demonstrated in 


the present study. 
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APPENDIX A ANALYSIS OF THE SPINNER BOLT FAILURE 


A. OVERVIEW 

While operating at 80% speed, with the inlet throttled 
to produce near stall conditions, the bolt attaching the 
spinner to the rotor failed. The spinner detached and 
contacted the rotor, causing complete loss of the stage and 
casing. Photos of the failed bolt, the destroyed stage, and 
the damaged Lucite casing are shown in Figs. Al, A2, and A3 
respectively. While running the compressor, a video camera 
was being used to monitor and film the operation. Using the 
video film (at 30 frames/sec) and pressure readings measured 
immediately before the event, an analysis was conducted of 


the failure. 


B. CONSTRUCTION 

The spinner used with the stage had been modified from 
the design used on the Vavra stage. The retaining bolt was 
required to be two inches longer; namely, 3.09 inches versus 
1.09 inches for the Vavra spinner retaining bolt. The bolt 
was a Socket Head Cap Screw #8-32, which was not 
manufactured (standard) with the new required length. In 
order to increase the length of the bolt, a 1-1/8 inches 
bolt was cut in half. A metal sleeve with 5/32 inches o.d. 
and 1/8 inches i.d. was placed over the two halves that had 


been turned down to 1/8 inches o.d. The metal sleeve was 


a 


then silver brazed at 1050° F to form the extension. After 
spin balancing the rotor and drive shaft, the spinner was 
attached using the bolt and the assembly rebalanced. This 
required removing material from the inner edge of the 
spinner. When balance was finally achieved, the bolt 
attaching the spinner was ‘lightly torqued’. Only after the 
event was it found that the metal was cut from copper 


mibtasbele, 


<<] ANALYSIS 

In order to estimate the aerodynamic load on the 
spinner the pressure measurements recorded just before the 
failure occurred were used. The throttle had been closed a 
small fraction more when the failure occurred; therefore, 
the previously scanned pressure values are considered to be 
very close to those that were present. For a worst-case 
analysis, the pressure inside the spinner was assumed to be 
the stagnation pressure — the nose of the spinner. (This 
assumption is reasonable since the hole that the bolt passed 
through was not sealed and leakage in would have occurred. 
The shoulder at the rim of the spinner was also not sealed 
and the pressure behind the spinner would leak out and be 
less than this ‘worst case’ assumption). The pressure on the 
outer wall was taken to be the average of the static 
pressures taken at station one, another static pressure 


reading taken mid-length of the spinner, and the static 
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pressure at the nose of the spinner. All the static pressure 
measurements were taken at the casing wall. With this 
pressure distribution an axial force of 11.0 I1bf was 
calculated. This axial force would have caused a tensile 
stress of 1.6 ksi in the copper sleeve of the bolt. The 
stress in the copper sleeve due to the torque used to attach 
the bolt to the rotor was estimated to have been 10.3 ksi. 
The maximum steady total tensile stress in the copper sleeve 
was therefore 11.9 ksi. 

From the videotape of the event, it was observed that 
the spinner went upstream and disappeared from view within 2 
video frames, came back and ‘flew’ stably for several 
seconds, moving around the annulus, and then fell into the 
blading. Since the frame speed was known to have been 30 
frames/sec, an estimate of the acceleration of the spinner 
as it left the rotor was made by comparing the relative 
positions of the spinner over two frames. The estimated 
average acceleration was 225 ft/sec’. The drag force on the 
spinner (downstream) was calculated to have been 2.52 I1bf. 
The net force required to accelerate the spinner upstream 
was calculated to have been 2.33 lbf. The initial force on 
the spinner necessary to explain the video images was 
therefore 4.85 lbf. This compares to the estimate made using 
pressure measurements that calculated a force of 11.0 Ibf. 
The image on the first frame following detachment was 


blurred as the spinner moved rapidly upstream, making an 
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accurate estimation of the instantaneous acceleration at the 
time of detachment impossible. Therefore, although the 
calculations do not agree closely, they do demonstrate that 
the forces calculated to be present were of the order of 
magnitude necessary to explain the observed behavior of the 
Spinner if the copper sleeve failed in tension. 

The tensile strength of annealed copper is 32 ksi and 
the yield strength is 5 ksi. Copper has the property of 
strain hardening. Therefore, each time the sleeve was 
stressed into plastic deformation the tensile strength would 
have decreased. With a stress twice the yield strength 
present, failure of the bolt occurred when the tensile force 


exceeded the reduced tensile strength. 
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Fig. Al View of the Failed Spinner 
Retaining Bolt 
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Fig. A2 View of Stage After Failure 
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Fig. A3 View of Lucite Casing After Failure 
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APPENDIX B RESULTS 
The reduced results of all test runs are presented 
below. Data points with no values present for horsepower 
were caused by problems with the data acquisition system. 
The point at the same state was re-measured until a complete 
data scan was obtained. The corresponding raw data file 
raw_tcr.dat is not printed but is held on a 3.5 inch floppy 


disk by Dr. Shreeve. 
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ral oeee 
Point| Time Stamp Flow 
| 1 | NotTaken { 8.18 | 
| 2 | NotTaken | 7.46 
| 3 | NotTaken | 8.37 | 
| 4 | 63005621999] 6.53 
| 5 [63005623141] 10.17 
| 6 | 63005623483| 10.19 | 
| 7 | 63005624182] 9.42 | 
| 8 | 63005625126] 8.95 
| 9 | 63005625211] 8.90 | 
| 10 | 63005625290] 8.85 
| 11 | 63005625558{ 8.85 
| 12 | 63005626919] 8.89 
| 13 | 63005628177] 8.32 _| 
| 14 | 63005628631] 7.21 | 
| 15 | 63005629011] 6.77 
| 16 | 63005629209] 6.74 | 
| 17 | 63005629276] 6.77 
| 18 | 63005629470] 7.12 
| 19 | 63005629652] 7.13 
| 20 | 63005629960| 7.67 | 
| 21 | 63005630540| 9.13 
| 22 | 63005630792] 9.60 __ 
| 23 | 63005631022] 10.20 _| 
| 24 | 63005634452| 10.85 | 
| 25 | 63005635258] 10.83 
| 26 | 63005635569| 10.04 _ | 
| 27 | 63005635762] 9.67 
| 28 | 63005635964] 9.35 
| 29 | 63005636115} 8.48 
| 30_| 63005636295] 7.74 
| 31 | 63005636491| 7.21 
| 32_| 63005636725| 7.49 
| 33 | 63005636956] 8.21 






Referred 
Flow Torque 
| 8.49 | 31.67 _| 
oie reo 
OCS aso 
i ic2 a or 
| 10.47 | 135.98 | 
| 10.48 | 68.06 
| 9.98 | 71.00 _| 
| 9.69 | 73.02 | 
| 9.62 | 73.30 _| 
| 9.62 | 73.19" | 
| 9.66 | 74.89 | 
orsema ere 3) 
eco eer 
Oe Rees 
errr | Cra 
eS EES 
ret 2a Si 
m0 a6 04a 
LS Roy 
ee Smee 
|_9.82_ | 73.50 | 
[Te SAE 
| 10.54 | 69.32 | 
| 11.33 | 90.64 
| 11.38} 89.12 | 
| 10.81 | 89.95 | 
| 10.59 | 90.66 | 
ea 10r4 ay 92-977) 
| 9.66 | 93.89 | 
eco 2 
| 8.45 | (95.58 | 
| 8.74 | 94.98 | 
| 9.44 | 93.29 | 


HP 
Referred 
Torque 
32°43 
32.98 
32.94 
17.20 
139.12 
69.67 
73.94 
78.26 
78.52 
78.10 
79.68 
767 
79.97 
4.48 
75 
1 
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8 
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85.26 


85.34 
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73.9 


6 
85.06 
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70.8 
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8 
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3.5 
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103572 
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Temp 
40.11 
41.49 
39.51 
16.27 
65.36 
65.40 
68.30 
71.72 
72.36 
70.56 
72.59 
71.28 
72.92 
71.92 
71.56 
71.4 

Tl 

71.56 
71.81 
73.03 
70.14 
68.33 
66.33 
84.77 
85.78 
85.72 
87.17 
90.07 
90.41 
90.65 
89.10 
89.94 
91.76 
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HP 
Referred - 
Temp 


arora 
| 43.30 
| 39.90 
| 16.40 | 
| 66.87 _| 
| 66.95 _| 
ae 
| 76.87 
ot 
| 75.30 _| 
| 77.23 | 
| 76.23 
79.40 7) 
| 80.35 
| 80.72 | 
| 80.40 
| 80.17 
| 80.24 | 
| 80.58 | 
Beceem 
es) 
| 70.63 
| 67.81 
| 86.41_| 
| 86.90 _| 
| 89.19 | 
| 92.29 | 
ora 
| 99.88 | 
| 102.30 _| 
| 101,99 
| 102.32 _| 
| 102.69 _| 





RPM 
referred 
13472.40 
13398.67 
13468 .54 
10149.44 
32216.44 
16119.58 
16164.54 
16183.05 
16223712 
16162.88 
16255.67 
16127.75 
16150.72 
16114.79 
16162.88 
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16152.61 
16179.08 
16161.29 
16069.02 
16127.90 
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17402.68 
17276.97 
17303.58 
17327.43 
17320.89 
17392.84 
17474.72 
17418.48 
17 367.27 


o 
oo 
On 





Referred 


| 151.71 | 
| 155.16 _| 
| 154.16 
| 106.82 
27248 5 
| 272.44 
| 288.32 _ 
| 304.83 
| 305.09 
| 304.56 
| 308.97 | 
| 303.57 
| 312.09 
| 330.43 
| 334.42 
| 332.91 
| 332.65 _ 
| 332.99 
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| 303.20 _ 
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| 276.99 | 
| 333.25 _| 
| 327.00 
| 341.42 | 
| 349.64 
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| 391.48 | 
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| 390.98 
| 378.89 | 
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49.47 
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Referred HP HP Percent 
Data Mass Mass HP- |Referred HP- {Referred -- RPM Torque |Pressure of Design 
Point] Time Stamp Flow Flow Torque | Torque Temp Temp referred | Referred 2 3 Speed 
| 35 [63005637464] 9.37 [| 10.40 | 90.95 [97.34 | 89.59 | 95.89 | 17364.77| 353.33 | 1.18 | 0.93 | 0.95 | 0.92 | 64.11 | 
| 36 | 63005637691[ 9.96 [| 10.76 | 89.15 | 93.44 | 86.24 [| 90.39 [17281.95] 340.80 { 1.17 | 0.94 | 0.96 | 0.91 | 63.81 | 
| 40 | 63006223815] 6.59 | 6.68 | 18.93 | 18.95 | 17.59 | 17.61 | 10437.60] 114.43 | 1.05 | 0.96 | 0.99 | 0.90| 38.54 | 
| 43 [63006225501] 10.40 | 11.44 [| 11549 [ 126.55 | 111.98 | 122.69 | 18769.16| 424.98 {| 1.21 | 0.93 | 0.95 | 0.90| 69.30 | 
| 62 [63006232069] 13.48 | 14.17 _ | sateeeeet] SHAH HHRHHHHER] HEH] 21553.24 | HAHHHHE] 1.24 | 0.00 _| | 0.00 | 79.58 
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Referred HP HP 
Data Mass Mass HP - |Referred HP- |Referred RPM Torque |Pressure 
Point! Time Stamp Flow Flow Torque {| Torque Temp Temp referred | Referred 
| 66 | 63006232723| 13.37 | 14.05 { 171.78 | 177.43 | 161.46 | 166.77 | 21512.54] 519.88 | 1.24 | 0.93 
| 74 | 63006234256] 11.83 | 13.36 | HHHHHHHH| HHH] 163.88 | 181.46 | 21404.63| HHHHHHHH 1.28 | 0.94 
| 82 | 63006235718] 9.68 | 11.77 | 179.11 | 214.59 | 164.69 | 197.32 | 21389.43| 632.37 | 1.32 | 0.87 
| 84 | 63006236086{ 9.30 | 11.43 | 179.75 | 216.52 | 166.57 | 200.65 | 21463.61] 635.85 | 1.33 | 0.85 | 
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APPENDIX C SOFTWARE USER’S GUIDE 


Ps HPVEE 

The procedure for operating the HPVEE data acquisition 

routine was as follows: 

1. The input array for the Scanivalve Control user’s 
object was initialized. The 0” element was the 
Scanivalve Position (1 through 4) and the next 48 
elements One the array indicated whether the 
corresponding port should be measured (0 - no skip, 
1 - yes measure) 

2.When the rig was stable and at the desired condition 
for measurement the START button was depressed. 
Desired quantities were input as prompted. 

3. When the data acquisition process was finished the 
data were automatically written to the hard disk. 

4. The operating condition was changed and the process 
repeated from step 1. 

ele: programs used were saved on a 3.5 inch floppy and 

are in the possession of Dr. Shreeve. A graphical listing of 
the program, with redundant portions for scanivalve 


positions 2 through 4 removed, follows: 


ol 


Sat 20/Sep/1997 12:23:32 


Save File Name: C:\BART\tcr_reduction_print.vee 
Save File Last Revised: Sat Sep 20 11:50:38 1997 
Save File Format: 2.3 
HP VEE Revision: 4.0! 


Execution mode: VEE 3 Compatibility 


Program Explorer Overview 


8 tcr_reducbon_print vee 
Oo Main 
(} Compressor catculations 
(Q Constants 
(® Pressure Oisplay 
(QA Pressure Measurement 
6 Scanwatve Control Object 
( Compute Greatest Channel 
f® Reset Multiplexer 
FQ SV 1 Data Acquisition 
§ CHECK THE PORT # SV1 
_f CONVERT_TO_BCD 
§ Close_the_Channel_and_Read_the_DVM 
{H Step Sv1 
Step svt 
@ Sv Reset 
Lf} Reset SV1 
[} Q6 Mass average exit pressure and O3 
LB »3 
( RPM 
(Q Temperature Calcs 
(Q Torque routine 


C:\BART\cr_reduction_print.vee 


ee, 


Sat 20/Sep/1997 12:23:32 


Main (M): Detail View, Total Objects: 9 


co RstatTs 








C:\BART\tcr_reduction_print.vee 


Main 
42 
69 
he 
84 
95 
108 
196 
197 
199 


"Main" 
at: 84 
atsrnoe 
at: A2 
ateape 
at: E2 

at: D4 

at: D2 

liter cae Z 

at GS 


VsecObyject 
UsecObject 
Stark “Star 
UserObject 
UserObject 
UserObject 
UserObject 
Use rQbject 
UserObject 


"C6 Mass average exit pressure and Q3" 
“Constants” 

tn 
"RPM" 
"Torque routine" 

"Compressor calculations” 
"Temperature Calcs" 

"Pressure Measurement" 


“Pressure Display” 
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C:ABART\tcr_reduction_print. vee 
Sat 20/Sep/1997 12:23:32 


Main: Q6 Mass average exit pressure and Q3 (M.42): Detail View, Total Objects. 20 
] 2 3 4 5 6 7 8 


——— 


exit pressure and Q3 





9) Q6 Mass average 


» 


Prerir rr epi er 


a 


eens} 


# ah Ae 
Td be | PO 





UserObject “Q6 Mass average e... 
1 at: B6 Junction "JCT” 
2 at: B6 Gate “Gate” 
3 at: C5 Constant "Real" 
4 at: B6 Gate “Gate” 
S at: B4 Get Values “Get Values" 
u Formula: Ary[A] 
6 at: C4 Set Values “Set Values" 
lL Number of Dimensions: 1 
7 at: BS If/Then/Else “If/Then/Else" 
L If/Else cases: AK} 
8 at: C2 For Range "For Range” 
From Value: O 
L Thru Value: 19 
Step Value: 1 
9 at: 83 Formula “Forinula”™ 
= Formula: A/B 
14 at: CS Formula "Formula" 
L Formula: {(1/A}* (1 /Gamma))*sqrt(}-(1 ‘A) ° ((Gamma-})/Gatnma})*A 
16 at: Co Formula “Formula” 
L Formula: A*B*C 
17 at: DS Formula “Formula” 
L Formula: A°B 
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Sat 20/Sep/1997 12 23:32 


18 at: 


L. Formula: 


19 at: 


L. Formula: 


20 at: 


e Formula: 


war ats 


Je Variable 


31 at: 


L. variable 


Beat: 


L Formula: 


40 at: 


L. Formula: 


47 at: 


Cz 


D6 


Bb? 


b4 


D4 


B2 


A4 


Cl 


Formula “sum({x)" 

sum(x) 

Formula “sum(x)" 

sum(x) 

Formula “Formula"™ 

A/B*C 

Get Variable "Get Variable” 
Name: “gamma" 

Get Variable “Get Variable” 
Name: "H fractional areas" 
Get Values “Get Values" 
Ary{}1:30] 

Formula "Q3" 

mean (x) 

UserObject “p3" 


C:\BART\icr_reduction_print. vee 


Te 


C:\BART\cr_reduction_print vee 
Sat 20/Sep/1997 12:23:32 


Main. Q6 Mass average exit pressure and Q3: p3 (M 42 47): Detail View, Total Objects: 5 
1 2 3 4 5 6 


ed 





_— 


Dp3 








UserObjyect "“p3" 
O at: A2 Get Values "Get Values" 
L Formula: Acy(35:38] 
at: C2 Get Values "Get “alues" 
Formula: Ary(41:44] 
at: E2 Formula “static pressure station 3" 





a Hees Fi REaR IRENA [oat 


——— 





Formula: mean(x) 


at: £2 Formula “stalic pressure stalion 3" 


eo meee ee 


Formula: mean(.«) 
at: E4 Formula "A + B" 
Formula: (A+B}/2 


[= 
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C:\BART\tcr_reduction_print vee 
Sat 20/Sep/1997 12:23:32 


Main Constants (M 69): Detail View, Total Objects 12 
] 2 S 4 5 


f Constants UserObject "Constants" 
; QO at: A2 Constant "Real" 
l at: A3 Set Variable "Set Va tabje" 


* 
t 
4 


L Variable Name: "gamma" 





A 
2 at: 93 Set Variable “Set Variable" 
L variable Name: “AQ" 
EWES 3 at: B2 Constant “Real™ 
4 at: G3 Set Variable “Set Variable" 
8 lL. Variable Name: "Co" = 
5 at2C2) Constant “Real” 
26 at: A4 Formula “Formula” 
Ss Formula: (G-1)/G 
27 at: BS Set Variable "Set Virciable" 
G lL Variable Name: “ganyma]" 
20 Rerpaleien eo gre C3 Set Variable "Set Variable" 
Variable Name: "H fractiona! areas" 
29 at: €l Constant "20 area elements" 
L. constant Silzemc xed. enue 
D 30 at: D2 Set Variable “Set Variable" 


L variable Name: "Torque_coefficients” 
3) at: Dl Constant "Real" 
LL constant size fixed: true 





Main: RPM (M 84): Detail View, Total Objects 3 
1 e 3 4 5 


eB eee e we oe ne ne Soe ee oe pe ESTE Te POEs FREE TPT O TS FORE ETT ONDE mee FF OP ORTE FTE OTPT OU NOS ONT OOH ESN CCST G NOES n HOeTe C1 HVT EY TTITY HO FETE Ve VERS CLOTHE OTD ITY ITT 


BI ped UserObject "RPM" 





G97at- AZ Start. “Start® 

10 at: 85 formula "Formula" 

LL Formula: A‘10 

12 at: 82 State Driver "4-Ch “Tounter/Totalizer (hpel332a @ 70906)" 





ee ee ee ne ween en Oe ee 0 ee = nS Bn rt 08 00 EE OE ene BEES nee eR ee en nn en ne wees te on a een en ween 


1 2 3 4 2 


a7 


C:\BART\ticr_reduction_print.vee 
Sat 20/Sep/1997 12:23:32 


Main. Torque routine (M.95): Detail View, Total Objects 5 
1 2 3 


UserObject "Torque routine" 


4 at: B2 Get Variable "Get Variable” 


L Variable Name: “Torque coefficients" 


Formula “poly{x,coeffs)" 
L Formula: poly({x, coeffs) 
ac aeo 


: 14 at: B2 
SET St PRES EMSS ad U. ee : f F = 
yA peat eee OE cr is co 


10 at: BS 


AlphaNumeric "Torque inlbs" 


State Driver "Int Multimeter 
15 at: AZ Start “Start” 


{hpel326b @ 70903)" 
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C:\BART\tIcr_reduction_print vee 
Sat 20/Sep/1997 12:23.32 


Main. Compressor calculations (M.108): Detail View, Total Objects. 45 
l 2 3 4 5 6 if 8 9 10 Te 12 


Rise 


oP Paes 


5 oa) 
ee 


arr iEsee fefsaner 
4 Cl x e's 4 


. 5 cag deed ated 

EC = ipa a 
Tape ' : oes ad 
ae bed 
eteasd # 


terse (a (teats One Ont 


i] 
ge Pg | 


© Be 


AH TH 
PER Si AT SEES TE OE eairernerau 
ORY DEB oT SU Gey Ce eI Rerad 


pus fl kh it 
The ty. 


Renna ad ebb cenr ses cesees eee REN nBOUROCCOOn Et ttnm Enns Germ m es eeme ee es EE Eee ee es OC n ns REE OCOR RH EOs nan Ow COas nen ee OOK E EE Eas OOS awee ss see eee eee eee Beene OO m een et ee eee ae Orne On eben On nna BEE OL TOO ROE OSSEs ee WF URES Bp Ea Onn ea Oar SOLO n es ess tee ete ese EERE SEE ese 





1 2 3 4 5 6 7 8 9 10 li le 


UserObjyect "Compressor calcul..." 
3 at: CS Get Variable "Co" 
L Variable Name: "CO" 
5 at: B6 Formula "Wz - Compressor flow tormula™ 
L Formula: 16.5424* (1-(0.039346°A) /B[Oj)d*COtsqrt ( (BLO) *A)/ {(C+459.67)) 
9 at: CS Formula "U2 - Horsepower trom temp" 
L formula: 0.33957*W*D 


Wg 


C:\BART\cr_reduction_print. vee 
Sat 20/Sep/1997 12:23:32 


1} at: C2 Formula "VO_limiting velocity" 
L Formula: 109.62*sqrt(T1+459.67) 

12 at: E5 Formula " BO continuity equation @ inlet" 
L Formula: (32.172*pinf*A)/(G1*W2*VO* 2.036) 
13 at: 05 Get Variable "AQ" 

L Variable Name: "AO" 

16 at: C2 Get Variable "gammnal" 

L variable Name: “gammal" 

Wee at: E? Formula “x0” 

L Formula: sqrt (B*2+1)-B 

18 at: £2 Formula "S3" 

L Formula: (T+459.67)/0 

2Zivat= C3 Formula “El” 

Le Formula: (Y*G-1)*S 

Zjpak: OS Formula “E2™ 

LL Formula: (Y*G*2*B*X-1)*S 

Zeeats) DS. Formula? “E3* 

L Formula: E*U2/U1 

28 at: E3 Formula "EO" 

L Formula: S*(2*B*X*Y*G1-1) *U2/U1 

31 at: A2 Get Values "Flow nozzle pressures" 
L Formula: Ary[3:4] 

32 at: AS Formula “Pressure Orop inches of water" 
L Formula: (A{O)-A{1}}*13.6 

33 at: B2 Formula "02" 

L Formula: A-B 

34 at: F3 Formula "Ul Horsepower from torque and rpm" 
L Formula: .000015865*torque*RPM 

45eac: 82 Formula “ot” 

L formula: (A(5}+A[6)}/2 

3Gpat:, O02 Formula “Y1" 

L Formula: Q6/Ql 

Simate D2 Formula “Y¥2" 

L Formula: Q6/pinf 

38-at: E2 Formula “Y3™ 

L Formula: Patm/pinf 

39 at: FS Formula "delta" 

L Formula: Ql/Pref 

40 at: F5 Constant “Reference Pressure" 

41 at: F? Formula “theta” 

L Formula: (T1+459.67)/Tref 

42 at: F? Constant “Reference Temperature" 
44 at: C8 Formula "Referred Flow" 

L Formula: W2*sqrt(t}/d 

45 at: 08 Formula “Referied Speed" 

L Formula: N/sqrt (t) 

46 at: 08 Formula “Referred Torque" 

L Formula: M/d 

49 at: EY Formula “Referred Horsepower" 

L Formula: Ul (sqeetes* i) 
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50 at: E9 Formula "Referred Horsepower" 
L Formula: U2/(sqrt(t)*d) 
52 at: Dll AlphaNumeric "Referred Flow" is added Co panel 
53 at: DIl AlphaNumecic "Referred Speed" is added to panel 
54 at: Dll AlphaNumeric "Referred Torque” 1S added lo panel 
55 at: F9 AlphaNumeric “Referred Horsepower (torque)” 1s added to panel 
56 at: F9 AlphaNumeric "Referred Horsepower(temp)" is added to panel 
57 at: G7? AlphaNumeric "Efficiency 1" 1s added to panel 
61 at: G9 AlphaNumeric "Efficiency 3" is added to panel 
62 at: G6 AlphaNumeric "Efficiency 0" 15 added to panel 
63 at: GB AlphaNumeric "Efficiency 2" 1s added to panel 
64 at: E10 To File “raw” 
L Transactions: 4 lines. 
WRITE TEXT t EOL 
WRITE TEXT Pressure EOL 
WRITE TEXT temp EOL 
WRITE TEXT ela tsa. Ore, 06, Te Ny, Mo, OREM, wom Patm EOL 
65 at: B10 To File "reduced" 
L Transactions: 2 lines. 


/NOP/ WRITE TEXT t EOL 
RITE TEXT EMER ty Ee I ee tall eet 9 LO tame, " “, £2," ", B3, " “ GOL 


' ’ ' 
66 at: B7? Formula "now(}" 

L Formula: now() 

6gmar. CLO To File “plot” 

(Sieiisactlions. WRITE FErmete teene, "El," ", Yi EOL 
69 at: B3 Get Values "pinfinity” 

L Formula: Ary[48) 

70 at: A® AlphaNumeric "Time Stamp" is added to panel 
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Main: Compressor calculations: Panel View 
100 200 300 400 


{8 {2 5) Compres sor calculations 


SIE 





PanelView "Compressor calcul..." (w=993, h=134) 


52: AlphaNumeric "Referred Flow" {x=0, y=0) (w=137, h=50) 
53: AlphaNumeric “Referred Speed" (x=140, y=0) {w=151, 
54: AlphaNumeric “Referred Torque" {x=310, y=0) (w=156, 


500 


h=50) 
h=50) 
(w=244, 


55: AlphaNumeric “Referred Horsepower(torque)™ (x=480, y=0) 


56: AlphaNumeric “Referred Horsepower(temp)"“ {(x=750, y=0) 
57: AlphaNumeric “Efficiency 1" (x=0, y=70) (w=135, h=50) 


(w=233, 


63: AlphaNumeric "Efficiency 2" (x=160, y=70) (w=135, h=50) 


61: AlphaNumeric “Efficiency 3" (x=330, y=70) (w=135, 
62: AlphaNumeric "Efficiency 0" (x=530, y=70) (w=135, 


h=50) 
h=50) 
70: AlphaNumeric "Time Stamp" (x=730, y=70) (w=135, h=50) 
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h=50) 


900 
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Main’ Temperature Calcs (M 196): Detail View, Tota! Objects 25 




















® Ba Temperature Calcs 
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UserObject “Temperature Calcs" 


Fo fofrsu Fa fu Fe Fu PFneodo 


act: 
at: 
at: 


B2 State Driver “Int Multimeter (hpel326b @ 70903)" 
C2 State Driver "Int Multimeter (hpel326b @ 70903)" 
D4 Constant "mv to T coefficients” 


Constant size fixed: true 


at: 


C4 Constant “T to mv coefficients” 


Constant size fixed: true 


at: 


C4 Formula "Formula" 


Formula: -A‘*1i000 


at: 


B4 Get Values “Get Values” 


Formula: Ary[0:1] 


at: 


C6 Formula “poly(x,coeffs)” 


Formula: poly(x, coeffs) 


at: 


D5 Formula "a + b" 


Formula: A+B 


GLEE 


DS Formula “poly(x,coeffs)” 


Formula: poly(x, coeffs) 


at: 


D? Formula “formula” 


Formula: A*9/5+32 
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11 at: B6 Formula "Formula" 

L Formula: At9/5+32 

12: at: AZ “Stare Stact™ 

13 at: BS Formula “mean(x)" 

L Formula: mean(x) 

14 at: D6 Formula “mean(«)" 

L Formula: mean(x) 

17 at: BS Get Values “Get Values" 

L Formula: Ary{2:4} 

18 at: B8 AlphaNumeric “T3 Measured Directly” is added to panel 
19 at: A6 Formula “mean{x)" 

LL Formula: mean(x) 

20 at: D? AlphaNumeric "T3 Measured Differentially" is added to panel 
21 at: A? Formula "Formula" 

L Formula: A‘9/5+32 

22 at: A4 Formula "formula" 

L Formula: A*9/5+32 

23 at: AS AlphaNumeric “AlphaNumeric" is added to panel 
24 at: £6 AlphaNumeric "“AlphaNumeric" 

25 at: E6 Formula “Formula™ 

L Formula: A*9/5+32 

26 at: B? AlphaNumeric "Tl" is added to panel 

27 at: C2 Delay “Delay” 

e Delay: 0.2 
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Main. Temperature Caics: Panel View 
100 200 300 400 


PanelView "Temperature Calcs" (w=484, h=192) 
26: AlphaNumeric "Tl" (x=140, y=20} (w=135, h=50) 
23: AlphaNumeric "AlphaNumeric" (x=0, y=10) (w=138, h=175) 
18: AlphaNumeric "T3 Measured Directly" {x=290, y=20) (w=188, h=50) 
20: AlphaNumeric "T3 Measured Differentially" (x=290, y=80) (w=190, h=50) 


100 


200 





Main: Pressure Measurement (M.197): Detail View, Total Objects: 7 
1 2 3 4 5 6 


——eeee 


iG Jaa Pressure Measurement Hi UserObject “Pressure Measurement” 
O at: €2 Constant "Scanivalve Control Input" 


Description: 3 lines. 
Element zero 1S scanivalve desired. 
Elements one thtough 46 contain a one if desire that channel tv 
be scanned a zero if that channel should be skipped. 
Constant size fixed: true 
tabs oAs) Start “Start” 
2 at: B3 Real Input “Real Input" 
Dialog Popup Title: "Text Input" 
: oe a Dialog Popup Position: 276, 347 
OP j Prompt/Label: “Enter Cal Pressure in ins HG gage” 


% 


OBSSRNaIvE Tunpoe Default Value: "10" 


Value Constraint: "O<=value AND value<=10" 
Ecror Message: "You must enter a real number between O and 10." 
3 at: B3 Real Input "Real Input" 
Dialog Popup Title: "Text Input” 
Dialog Popup Position: 252, 368 
Prompt/Label; "Enter Ambient Pressure in ins HG absolute" 
Default Value: "30.01" 
Value Constraint: "25<=value AND value<=35" 
Error Message: "Remember. inches of mercury or a hurcicane is in Monterey. 
4 at: D2 UserObject "Scanivalve Control Object" 
§ at: C5 AlphaNumeric "SV in volts" 
6 at: D4 Formula "Pressure ins Hg absolute" 
L Formula: {A-A[1])* (B/ (ALS ]-A(1} 9 +C 


od] 
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Main: Pressure Measurement. Scanivalve Control Object (M 197 4) Detail View, Tolal Objects’ 10 
1 2 3 4 5 6 


a a a ——— 
. 


UserObject "Scanivalve Contro...’ 
29 at: B3 UserCbject "SV Reset" 
32' at: AX Start “Start” 
40 at: C5 UsecObject “Compute Greatest Channel” 
4) at: C2 I£/Tren/Else "1{/Thnen/Else" 
L if/Else cases: 4 lines. 






| Scanivalve Control Object BHI BS 


v==1 


< 
u 
II 
> ww tw 


< 


ye= 
44 at: Bl Formula “Formula” 
LL Formula: A(0} 
45 at: D4 UserObject “SV 1 Data Acquisition" 
46 at: B3 Delay "Delay” 
L Delay: 0.1 
51 at: D2 Raise Error "Raise Ecroc” 
ae code: 1 
Message: "Error Improper Scanivalve Chosen" 
5&3 at: D3 Junction "JCT" 
59 at: AS UserObject "Reset Multiplexec" 


Main: Pressure Measurement: Scanivalve Control Object. SV Reset (M.197.4.29): Detail View, Total Objects: 3 


UserObject "SV Reset" 

O at: Al If/Then/Else "1£/Then/Else” 
L 1£/Else cases: 4 lines. 

v==)] 

v== 

ye== 

yr= 
1 at: A3 UserObject "Reset SV1" 
7 at: C2 Raise Error “Raise Brroc’ 
ree code: 1 

Message: "Error Improper Scanivalve Chosen" 


7 PREM Grd 


ra 
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Main: Pressure Measurement: Scanivalve Control Object: SV Reset: Reset SV1 (M.197 4 29 1): Detail View, Total Objects: 7 
] 2 3 4 5 6 


pm er 
= - 


(@ Reset SV1 UserObject "Reset Svl" 
ie 


0 at: B3 Junction "JCT” 











1 ats: B2 Gate “Gate” 
A 2 at: B2 Gate "Gate" 
: 3 at: Cl Toggle Control “V. Paddle" 
4 at: Bl Toggle Control 'V. Paddle" 
5 at: B4 State Driver "M.ltiplexer (hpel345a @ 70914)" 
Oeat Ale Stack, UStane: 
B 
Cc 





UserObject “Compute Greatest ..." 
O at: Bl For Range “For Range” 
From Value: 48 


A Thru Value: 1 
Step Value: ~1 

) at: C3 Sample & Hold "Sample & Hold" 
2 at: Cl If/Then/Else "If/Then/Else" 
If/Else cases: B[A]== 

B 3 at: Ad Start “Start" 
4 at: C4 Break "Break" 
8 at: C3 Formula "intPart{x)" 
L Formula: intPart {x} 

Gs 

Fliers 
D 
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Main: Pressure Measurement. Scanivalve Control Object SV 1 Data Acquisition (M 197.4 45): Detalt View, Total Objects’ 10 
1 2 i 4 5 6 7 8 





——— 





UserObject "SV 1 Data Acquisi...™ 
l at: B2 UserObject "CHECK THE PORT # SVI]" 
4 at: C3 1£/Then/Else "1f£/Then/Else” 
L If/Else cases: 2 lines. 


A 
Poon ==0 AND 8= 
C{A)==1 AND 8= 
7 at: A2 Start "Start" 
12 at: Bl Fort Range “For Range" 
8 From Value: 1 
13 RRS # Thru Value: 48 
Step Value: 1 
13 at: B? UserObject "Step SVl" 
14 at: D4 UserObject “Step SvVl" 
C 15 at: C4 UserObject "Close the Channel _and Read_the_DVM" 
15 es 20 at: C7 Set Values “Set Values" 
oped Sst L Number of Dimensions: 1 
22 at: DS Constant “Real"™ 
L constant size fixed: true 
D 23 at: C2 Raise Error "Raise Erroc" 


[ Error code: 1 
Message: “Problem With Scanivalve Stepping" 


Main: Pressure Measurement: Scanlvalve Control Object: SV 1 Data Acquisition: CHECK THE PORT # SV1 (M.197.4 45.1): Detail View, Total Objects: 4 
1 2 5 4 5 6 


f sc nie einen Ine b4 sss pesntn toe iene eaergred se getwensuanasrreesoesas anregwaneneneseneaseneetnenereeensnsatatneesees 2202 Meeetee Steere et aed HOA CODEN AT OO ES AESTR TTS Pa a 


(CHECK THE. PORT # SV a 2 UsecObject “CHECK ‘THE PORT # SVi" 
* ceibtatee cues gS geo Se NRE O at: B4 Toggle Control "“V. Paddle" 

2 at: C5 UserObject "CONVERT TO BCD" 

A 4 at: C3 State Drivec "Digital Input Output (hpel330a @ 70918)" 
5 at: Ad Start “Start” 

B 

Popes, 
, vom aE 


ae AFT ag uae Dee i err PSH BES 


Reel ah tO 
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Main: Pressure Measurement: Scanivalve Control Object: SV 1 Data Acquisition: CHECK THE PORT # SV1: CONVERT_TO_BCD (M.197.4.45.1.2): Detail View, Total Objects: 7 
1 2 o 4 J 6 u 8 9 10 1} 


f) CONVERT_TO_BCD 


35 


B IE = N>63 








UserObject “CONVERT _TO_BCD" 
O at: B2 I£/Then/Else “If/Then/Else" 
L I£/Else cases: 5 lines. 

N<10 

N<26 AND N>15 

N<42 AND N>31 

N<58 AND N>47 

N<73 AND N>63 
1 at: ©? Formula “Formula” 
e Formula: N 
2 at: C6 Formula "Formula" 
E Formula: N-6 
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$3 at: DS tormula "tormula" 
L Formula: N-12 

4 at: F3 Formula "Formula" 
L Formula: N-24 

5 at: D10 Junction “JCT" 

6 at: E4 Formula “Formula” 
L Formula: N-18 
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Main: Pressure Measurement: Scanivalve Control Object SV 1 Data Acquisition: Step SV1 (M 197.4.45 13): Detail View, Total Objects. 7 
1 2 3 4 5 6 


ail UserObject “Step SV)" 


3) 





O at: 83 Junction "JCT' 
at: 82 Gate "Gate" 
at: 82 Gate "Gate" 


noon f® WN 


at: Al Sleayele WSleai(ete 





See eee 


1 2 3 4 o 6 


1 2 3 s 5 6 
a UserObject "Step SV1" 
O at: 83 Junction "JCT" 
at: 82 Gate “Gate" 
at: B2 Gate “Gate” 
at: 81 Toggle Control *V. 
at: 81 Toggle Control "V. 


a Ww f& WwW N 


aree JL Sieeyele Wsileevete 





at: Cl Toggle Contro) "V. Paddle” 
at: Bl Toggle Controj "V. Paddle" 
at: B4 State Driver "Multiplexer 


Paddle" 
Paddle" 


(hpei345a 


= 


@ 70914)" 


at: 85 State Driver "Multiplexer (hpel345a @ 70914)" 
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Main: Pressure Measurement: Scanivalve Control Object SV 1 Data Acquisition Close_the_Channel_and_Read_the_DVM (M 197.4 45.15): Detail View, Total Objects: 3 
1 2 3 4 5 


19 Close the Channel and_Read the DVM j UserObject "Close the Channel..." 


6 at: Al ~Slart “Start” 

23 at: B4 State Deceiver “Int Multimeter (hpelj26b @ 70903)" 
24 at; Bl Delay “Detay” 

i. Delay: G.1 





l Z 3 4 5 


wee POP ee BEE POE OPAPP ES SORE OT 


{f Reset Multi:lexer ce maja) UserObject “Reset Multiplexer” 
| ee at: A3 State Driver "Multiplexer (hpel345a @ 70914)" 
1 at: Al Toggle Control “V. Paddle" 
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Main: Pressure Display (M.199): Detail View, Total Objects: 33 
1 2 3 4 zs 6 


UserObject “"Pressu.e Display" 
O at: A2 AlphaNureric “p6" is added to panel 
at: Al Get Valtes "Get Values” 
Formula: Ary[3] 
at: Cl Get Valies "Get Values" 
Formula: Ary{4] 
at: Bl AlphaNuneric "ps" is added to panel 
at: Dl Get Values "Get Values" 
Formula: Ary[?] 
at: D2 AlphaNumeric “pnozzle™ is added to panel 
at: Dl AlphaNumeric "Q]" is added to panel 
at: El] Get Values "Get Values" 
Formula: Ary{48] 
at: E2 AlphaNumeric "pinfinity” is added to panel 
9 at: A3 Get Values "Get Values" 
L formula: Ary{39:40) 
10 at: A4 AlphaNumeric "pl" is added to pane) 
1] at: 83 Get Values "Get Values" 
L Formula: Acy (3): 34)) 
12 at: B4 AlphaNumeric "p2" is added to panel 
13 at: C3 Get Values “Get Values" 
L Formula: Ary [35:38] 
14 at: BS AlphaNumeric “p3(hub)" is added to panel 
15 at: Fl AlphaNumeric "Q3" is added to panel 
16 at: Fl AlphaNumeric "Q6" is added to panel 
18 at: C4 AlphaNumeric "pl (old style)" 1s added to panel 
19 at: C3 Get Values "Get Values" 
L Formula: Ary[46:47] 
20 at: DS AlphaNumeric “p3(wall)" is added to panel 
21 at: D3 Get Values “Get Values" 
L Formula: Ary[41:43] 
22 at: F2 AlphaNumeric "T1" is added to panel 
23 at: F2 AlphaNumeric "T3" is added to panel 
24 at: £4 AlphaNumeric "p3(OLD STYLE)" is added to panel 
25 at: E3 Get Values "Get Values" 
E Formula: Ary[44] 
26 at: FS Formula “T-T Pressure Ratio 
L Formula: A/B 
27 at: Ad Formula "mean{x)" 
L Formula: mean(x} 
28 at: B4 Formula "mean({x)" 
L Formula: mean (x} 


rt 
rr 

yan 
Oe ed 


ofrayaanw few rw fe 


29 Bes) 


3 


“493 RD eee Geeta toe 


ate 





" 


29 at: D4 Formula “mean({x)}" 
L Formula: mean (x} 

30 at: C5 Formula "Formula" 
L Formula: (A+B)/2 

31 at: CS Formula “Formula” 
L Formula: B/A 
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C:\BART\tcr_reduction_print vee 


[2 at: AS AlphaNumeric "s-s pressure ratio" 1s added to panel 
33 at: F4 AlphaNumeric "T-T Pressure ratio" is added to panel 


24 
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Main: Pressure Display: Panel View 


100 


200 


300 


PanelView "Pressure 


200 300 400 300 600 700 


at 


ye 


200 300 400 500 600 700 


Display" (w=1070, h=423) 


3: AlphaNumeric "ps" {(x=10, y=10) (w=135, h=50) 
O: AlphaNumeric “"p6" (x=10, y=70) (w=135, h=50) 


ve 


22 AlphaNumeric 
Bi AlphaNumeric 
33: AlphaNumeric 
10: AlphaNumeric 
1Z AlphaNumeric 
16: AlphaNumeric 
15: AlphaNumeric 
24 AlphaNumeric 
18: AlphaNumeric 
23: AlphaNumeric 
20: AlphaNumeric 
14: AlphaNumeric 


ee 


"Ti" (x=300, y=360) (w=135, h=50) 

"s-s pressure ratio" {x=570, y=260) (w=162, h=50) 
"T-T Pressure ratio" (x=570, y=340) (w=167, h=50) 
"pl" (x=580, y=10) (w=130, h=100) 

"p2"  (x=760, y=10) {w=130, h=150) 

"Q6" (x=930, y=310) (w=135, h=50) 

"Q3" {(x=930, y=260) {w=135, h=50) 

"p3(OLD STYLE)" (x=917, y=210) (w=153, h=50) 

“pl (old style)" (x=580, y=120) (w=130, h=90) 
"T3" (x=930, y=360) (w=135, h=50) 

"p3(wall)" (x=930, y=0) (w=120, h=90) 

"p3(hub)" (x=930, y=90) (w=130, h=120) 


6: AlphaNumeric "Ql" (x=290, y=60) (w=135, h=50) 
8: AlphaNumeric "“pinfinity” (x=290, y=10) (w=135, h=50) 
5: AlphaNumeric “pnozzle" (x=150, y=10) (w=135, h=50) 
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Index Page 


Program Explorer Overview... 07) yee ee ee> *  e 


Main {M): Detail View, Total Objects: 9. <5 500s « + “592% «ee | 


Q6 Mass average exit pressure and Q3 (M.42): Detail View, Total Objects: 20. 


p3 (M.42.47): Detail View, Total Objects: Si ea Fae a ee 
Constants (M.69): Detail View, Total Objects: 12. . + . «© «© «| - 
RPM (M.94): Detail View, Total Objects: 3. 2. 2. © «© «© «© «© «© - 
Torque routine (M.95): Detail View, Total Objects: 5. . . + «© + + 
Compressor calculations (M.108): Detail View, Total Objects: OS ens 

Panel Vilewe os <> 3 (lems (eee el cues Es rE: 
Temperature Calcs (M.196): Detail View, Total Objects: 25. se ss 

Panel Views 96. 2 ss « Je “Ue 6) &# Yeueete OMe |UemmnEa hammer 
Pressure Measurement (M.197): Detail View, Total Objects: 7. . . . 


Panel View. ... 5 Es ee BR es 


Scanivalve Control Object (M.197.4): Detail View, Total Objects: 10. 


SV Reset (M.197.4.29): Detail View, Total Objects: 3. . . 


Reset SV1 (M.197.4.29.1): Detail View, Total Objects: 7. 


Compute Greatest Channel (M.197.4.40): Detail View, Total Objects: 
SV 1 Data Acquisition (M.197.4.45): Detail View, Total Objects: 10. 
CHECK THE PORT # SV1 (M.197.4.45.1): Detail View, Total Objects: 
CONVERT_TO_BCD (M.197.4.45.1.2): Detail View, Total Objects: 7. 


Step SV1 (M.197.4.45.13): Detail View, Total Objects: 
Step SV] (M.197.4.45.14): Detail View, Total Objects: 


Close_the_ Channel and_Read_the_DVM (M.197.4.45.15): Detail View, Total Objects: 3. 


or 


ie 


Reset Multiplexer (M.197.4.59): Detail View, Total Objects: 2. 


Pressure Display (M.199): Detail View, Total Objects: 33. . . . . 
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B. RVC3D 

All software used and results obtained using RVC3D and 
associated programs are stored nina a directory 
/jedi/d3/blgrossm on the NPS Cray. Dr. G. V. Hobson has 
access to the files. The procedure for operating RVC3D was 
as follows: 

1. Input the geometry provided as geometry.dat into 
TCGRID to obtain the grid file fort.1. geometry.out was 
produced and examined to ensure the grid was properly 
produced. The command used was “tcgrid.exec <geometry.dat 
>geometry.out”. 

ae Modified rvc.in to reflect the desired initial 
conditions to be analyzed [Ref. 3]. 

3. Submitted the job to the queue using pean oe 

4. After completion, a solution file q.sol anda 
result file rvc.out were output. 

5. If further iterations were desired, modified rvc.in 
such that iresti=1l and renamed q.sol to q.res. 

6. Resubmitted the job to the queue. 

Ample assistance was available from computer center 
personnel. Examples of geometry.dat, rvc.in and rvc3d.nqs 


are included in the following pages. 
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Listing of rvc3d.nqs: 


#QOSUB -q reg -1T 15280 -lt 15280 -1M 9Mw -me 


set RUN = grid 
assign -F £77 -N ieee -a ${RUN}.ieee u:1 


set RUN = q 
assign -F £77 -N ieee -a ${RUN}.sol u:3 
assign -F £77 -N ieee -a ${RUN}.res u:2 


cd /d3/blgrossm/termproj 
mvesa <rvce.in >rvc.out 


fasting or rvc.in: 


‘sanger rotor' 

&nl1 im=185 jm=40 km=49 itl=20 i11=85 &end 

&nl2 nstg=4 cfl=5 aviscl=0 avisc2=1.0 avisc4=.5 irs=1 epi=0.60 epj=0.70 
epk=0.70 ivdt=1 itmax=5100 &end 

&n13 ibcin=1 ibcex=3 ires=10 icrnt=50 iresti=1 &end 

&nl4 om=-2.54 prat=1.1905 emxx=.46 alex=52 igeom=1 &end 

&n15 ilt=2 iltin=2 renr=6.651e6 tw=0 vispwr=.6667 cmutm=14 jedge=25 
kedge=18 srtip=0 xrle=-.2 xrte=0.3 dblh=0.001 dblt=0.02 &end 

&nl6 &end 


Listing of geometry.dat: 


&naml merid=3 im=185 jm=40 km=49 it1l=20 icap=16 k2d=11 &end 

&nam2 nle=15 nte=10 dsle=3.5e-4 dste=2.5e-4 dshub=1.5e-5 dstip=1.5e-5 
dswte=3 .5e-4 dswex=.010 dsthr=.39 dsmin=1.2e-5 dsmax=.002 
dsin=.010 clear=.00000 rcorn=.008 &end 

&nam3 iterm=100 idbg=0 000000 0 aabb=.6 ccdd=.2 &end 

&nam4 zbc=-0.100 -0.040 0.2000 -0.1000 -0.0400 0.2000 
moc— 0.22070. 220 5 0-2800.0.4560 07-4560 0.4560 send 


"NPGS TRANSONIC DESIGN -GENER. FROM V8FBND13 INCDP-BASE=DEC13 INMER' 


32 14 
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mwa 955 See2IoDes 1.297607 - 29933 .30033 .30166 .3025 

.303333 .304166 .306083 .306083 .306083 .306083 .306083 .306083 


oS 55 6=. ae e-. 600650 —.5 = 255333 —,2083 —.1239 -—.04167 
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